This study was designed to determine how distal vasodilatory stimuli can alter coronary hemodynamics and the appearance of myocardial ischemia in the presence of severe coronary stenosis. In anesthetized open chest dogs, left circumflex coronary artery (LCx) flow, distal LCx perfusion pressure (DCPP), heart rate, and aortic pressure were monitored and regional myocardial ischemia was estimated from ST segment deviation in the epicardial and intramyocardial electrograms obtained from the electrodes located in the area supplied by LCx. In the presence of severe LCx constriction, intracoronary administration of adenosine (0.01mg/Kg/min) and dipyridamole (0.05mg/Kg) failed to augment LCx flow and induced further reduction in DCPP without changing systemic hemodynamics. In parallel with these hemodynamic changes, significant ST elevation was observed in the inner layer of the area supplied by the LCx. These results show that subepicardial vasodilation following vasodilatory stimuli can induce transmural flow redistribution and lead to subendocardial ischemia in the presence of severe coronary stenosis. verse reaction may be related to a "coronary steal phenomenon", i.e., the diversion of myocardial blood flow from an ischemic area to a non-ischemic area, induced by a disproportional decrease in collateral blood flow.2),3) On the other hand, anginal attacks can be induced by dipyridamole injection in patients with one-vessel disease, where no collateral circulation is detectable angiographically. Since the mechanisms responsible for the latter situation are not fully understood, the present study is undertaken to clarify how myocardial ischemia is elicited by dipyridamole and adenosine administration in the presence of severe coronary stenosis. Epicardial electrograms are known to have a limited capability to detect subendocardial ischemia. Intramyocardial electrograms have been demonstrated to be sensitive for detection of regional myocardial ischemia. Although it has been reported that distal coronary dilation causes deterioration of coronary hemodynamics in the presence of severe coronary stenosis, there are very few data on electrophysiological alterations. We have obtained direct evidence that subendocardial ischemia, detected by intramyocardial electrograms, is produced by distal coronary dilation in a coronary artery with severe proximal stenosis.
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Epicardial electrograms are known to have a limited capability to detect subendocardial ischemia. Intramyocardial electrograms have been demonstrated to be sensitive for detection of regional myocardial ischemia. Although it has been reported that distal coronary dilation causes deterioration of coronary hemodynamics in the presence of severe coronary stenosis, there are very few data on electrophysiological alterations. We have obtained direct evidence that subendocardial ischemia, detected by intramyocardial electrograms, is produced by distal coronary dilation in a coronary artery with severe proximal stenosis.
METHOD
Twenty-six mongrel dogs, weighing 9-15Kg, were anesthetized with an intravenous injection of 25mg/Kg of sodium pentobarbital. Respiration was maintained with a mechanical respirator with room air and supplementary oxygen was given to keep the arterial oxygen and carbon dioxide tension within a normal range. The chest was incised through the fifth intercostal space. After making a pericardial cradle, the anterolateral wall of the heart was exposed. The animals were given an initial dose of 3,000U of heparin, supplemented by 1,000U/hr, to prevent coagulation. The left circumflex artery (LCx) was isolated from the adjacent tissue just below its origin for a distance of over 3cm. An electromagnetic flow probe, a pneumatic cuff occluder and a metal type constrictor were attached to the artery as shown in Fig. 1 .
A polyethylene catheter was inserted into the small branch of LCx just distal to the flow probe for the administration of drugs and another catheter was inserted into the distal branch for the measurement of distal coronary perfusion pressure (DCPP). Systemic arterial blood pressure (AP) in the ascending aorta was measured through a catheter, introduced through the left femoral artery. The hemodynamic data were recorded on a direct writing recorder at a paper speed of 50 or 1mm/sec. Distal coronary vascular resistance (CVR) was calculated by DCPP/coronary blood flow. Epicardial and intramyocardial unipolar electrograms were recorded using a cotton-wick electrode and an intramyocardial plunge electrode as previously reported.4) The intramyocardial plunge electrode had 5 recording sites, designed to obtain electrograms from multiple depths in the left ventricular wall. These electrodes were placed at two sites within the area supplied by LCx. The extent and degree of myocardial ischemia was assessed by ST segment changes in the electrograms. The ST segment deviation obtained from intramyocardial electrogram was found to be closely correlated with changes in regional myocardial blood flow and intramyocardial gas tension during complete or partial coronary occlusion.4), 5) All electrograms were recorded with a sensitivity of 1mV/mm and at a paper speed of 50mm/sec. The ST segment voltage was measured at 100 msec after the onset of the QRS complex. The electrograms showing QRS complexes which exceeded 60 msec were excluded from experimental data analysis. After the injury current due to the insertion of electrodes decreased to less than 2mV, experiments were performed according to the following protocol. In a group of 11 dogs, the effects of adenosine on the heart with normal coronary arteries and with severely constricted coronary artery were studied. After recording the control values for hemodynamics and electrocardiograms, 0.01mg/Kg adenosine in saline was infused at a constant rate of 0.5ml/min into the proximal LCx for 15min with an infusion pump. At 5min intervals during the infusion and 10min after the cessation of the infusion, all parameters were recorded. Thirty min later, when all parameters had stabilized at the control levels, prestenotic control values of all parameters were recorded. Next, LCx constriction was applied to reduce mean DCPP by about 45mmHg. When all parameters were stabilized at 15min after the constriction, poststenotic values were recorded, the same dose of adenosine was Significantly different from control value at p<0.01 and p<0.005, respectively. returned to almost the control level. CVR showed a significant decrease after the administration. Dipyridamole induced no significant changes in ST segment voltage.
The hemodynamic and electrocardiographic observations in the presence of severe coronary constriction. Adenosine Application of LCx constriction elicited a significant reduction of the mean DCPP, i.e., a pressure gradient of 44mmHg across the stenosis (Table  III) . After coronary constriction, the LCx blood flow reduced to about 70% of the control value (p<0.02). However, CVR showed a small but statistically insignificant reduction. No significant changes were observed in HR and mean AP after coronary constriction. An infusion of adenosine induced a further reduction of the mean DCPP by about 20mmHg (p<0 .001) at 5min after the start of the drug infusion. It remained unchanged during the remainder of the infusion period. In the case of a severely constricted artery , adenosine failed to augment LCx blood flow, and it remained unchanged throughout the infusion period. CVR decreased by about 30% after the infusion. Mean DCPP and CVR returned to the preinfusion level 10min after Although the effects of adenosine and dipyridamole on myocardial oxygen consumption were controversial,9),10) the major determining factors for myocardial oxygen demands, HR and AP, remained unchanged throughout the experiment. Thus, the increase in myocardial oxygen consumption induced by drug administration is hardly attributable as the cause of myocardial ischemia. Lastly, the most probable explanation is a redistribution of blood flow across the ventricular wall caused by adenosine and dipyridamole. Under the severe stenosis, the administration of adenosine and dipyridamole failed to augment coronary blood flow. However, CVR showed a further decrease, with a concomitant decrease in DCPP after the administration. This suggests that a vasodilatory reserve persists. This is probably located in the subepicardium, even in such a severe stenotic condition. This observation is consistent with the recent data of Gallagher et al.11) Due to the relatively large extravascular compression and metabolic demands, subendocardium is more vulnerable to any deterioration of coronary circulation. Hence, there may be a transmural difference in vasodilatory reserves.12),13) Under severe stenotic conditions the subendocardial vasodilatory reserve is already exhausted and the blood flow in the subendocardium becomes directly dependent on perfusion pressure.13) However, some vasodilatory reserve is still present in the subepicardial vascular bed, such that the administration of adenosine and dipyridamole, which preferentially act on small resistant arterioles,14) causes subepicardial vasodilation. The subepicardial vasodilation resulted in a reduction in perfusion pressure distal to the stenosis. Since blood flow in the subendocardium was already dependent on perfusion pressure, a reduction in perfusion pressure may cause a decrease in subendocardial blood flow and lead to subendocardial ischemia. Although these experimental observations cannot apply directly to a clinical situation, these results imply that intravenous administration of vasodilatory agents may provoke anginal attacks in the presence of severe coronary stenosis of one large epicardial coronary artery.
